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Three patients with type I proximal endoleak after previous endovascular abdominal aortic aneurysm (AAA) repair were
treated with fenestrated endovascular stent grafts. Six renal arteries, three superior mesenteric arteries, and one coeliac
axis were targeted for incorporation by graft fenestration. The fenestration-renal ostium interface was secured with
balloon-expandable stents and completion angiography demonstrated no endoleaks and antegrade perfusion in all target
vessels. All patients made an uncomplicated recovery. Fenestrated endovascular stent grafts can be used to salvage failed
prior endovascular AAA repair in patients who are considered unsuitable for other endovascular or open surgical
interventions. ( J Vasc Surg 2006;44:1341-4.)Type I proximal endoleak after endovascular abdomi-
nal aortic aneurysm (AAA) repair is associated with an
increased risk of aneurysm rupture.1,2 Several endovascular
approaches, including deployment of infrarenal aortic ex-
tension cuffs, Palmaz stents, and coil embolization, have
been described to salvage this difficult clinical situation.3-5
Patients with short, wide, or poor-quality proximal aortic
necks may not, however, be candidates for these endovas-
cular treatments. Until recently, conversion to open repair
or surgical banding of the proximal neck, with their high
associated morbidity and mortality, have been considered
the only therapeutic options in patients unsuitable for
endovascular intervention. The present study describes the
use of custom-designed fenestrated endovascular stent
grafts (EVSGs) in the management of type I proximal
endoleak after prior endovascular AAA repair.
CASE REPORTS
Between October 2002 and November 2004, three patients
presented to the senior author (JLA) with failed prior endovascular
AAA repair and were treated using custom-designed Zenith fenes-
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doi:10.1016/j.jvs.2006.07.047trated EVSGs (William A. Cook Australia Pty. Ltd., Brisbane,
Australia) because they were considered unsuitable for alternative
endovascular and open surgical approaches. Details of graft design
and implantation technique have been described previously.6-8
High-quality preoperative imaging and expertise in graft planning
and deployment are essential.
Aneurysm morphology was assessed by spiral computed to-
mographic angiography (CTA) from the mid-thoracic aorta to the
common femoral arteries (CFA). Axial images were acquired at
1-mm intervals throughout the visceral segment of the abdom-
inal aorta. Measurement of the aortic diameter and angulation,
ostial diameter of each visceral vessel, relative distance of the
visceral vessels from a fixed landmark and orientation of each
visceral vessel from an aortic cross-section were essential for accu-
rate graft planning and design. A tubular aortic EVSG with graft
fenestrations for the target vessels was designed for deployment
within the visceral segment of the aorta. Single diameter-reducing
restraining ties were placed along the posterior aspect of the EVSG
to limit the initial expansion of the graft after sheath withdrawal,
thereby reducing the device profile and increasing longitudinal and
axial manoeuvrability. No modifications were made to the devices
to facilitate deployment within a prior EVSG.
Graft fenestrations were placed to match the target vessel ostia
that would be crossed by the graft. Radiopaque markers were
incorporated at quarter-hour positions around the fenestration to
facilitate accurate alignment with the vessel ostia. Anterior and
posterior markers were placed on the body of the graft to facilitate
correct axial alignment. Currently, normal construction, packing,
and sterilization times are approximately 4 to 6 weeks from the
signing-off of an agreed design.
All procedures were performed under general anesthesia in
a dedicated angiography suite using high-resolution imaging
(Advantx, GE Medical Systems, Milwaukee, Wis). Alignment of
1341
JOURNAL OF VASCULAR SURGERY
December 20061342 Adam et althe radiopaque graft markers, reference to the digital graft image
and graft plan, and intraprocedural angiography ensured that the
fenestrations were aligned axially and longitudinally with the target
vessels. The delivery sheath was then withdrawn, and the upper
graft stents were released with the anchoring stent remaining
capped. Further small adjustments in graft orientation were made
before the device was completely deployed. At this stage, the
device remained attached to the delivery sheath by the diameter-
reducing restraining ties, the top cap restraining the proximal
anchoring stents and the distal anchoring wire.
The visceral vessels were next cannulated from the contralat-
eral CFA using steerable catheter-guidewire systems from within
the endograft lumen. A 4-cm-long angioplasty balloon with
diameter matched to the visceral vessel diameter was tracked over
a wire into each target vessel and inflated to 2 to 4 atm to ensure
accurate alignment of the graft fenestrations and vessel ostia. With
the balloons inflated, the diameter-reducing restraining ties were
removed to fully expand the EVSG. The top cap was then de-
ployed, followed by release of the distal anchoring wire. The
delivery system was then retrieved.
If there was contact between the graft material and the wall of
the aorta, then the interface between the graft fenestration and the
target vessel was secured with a balloon-expandable stent sized to
match the diameter of the target vessel, and if there was no contact
between graft and aorta or significant intraluminal thrombus was
present, then a balloon-expandable stent graft was used to secure
the graft fenestration-target vessel interface.
Patient 1. A 76-year-old man had undergone endovascular
repair of a 50-mm diameter AAA with a bifurcated Zenith EVSG
some 76 months previously. The patient re-presented with an
enlarging 60-mm-diameter asymptomatic AAA. Comorbidity con-
sisted of ischemic heart disease and hypertension. The patient was
assessed as American Society of Anesthesiologists (ASA) grade III.
A CTA demonstrated a type I proximal endoleak due to proximal
graft migration as a consequence of suprarenal stent detachment. A
short infrarenal neck precluded repair with an infrarenal device.
A one-piece EVSG with three fenestrations to accommodate
the superior mesenteric artery and both renal arteries was intro-
duced through the right CFA, which was surgically exposed. The
graft was deployed, and the interface between the graft fenestra-
tions and the renal artery orifices was secured with 7-mm-diameter
Palmaz stents. Completion angiography demonstrated no en-
doleak and antegrade perfusion of all target vessels.
The patient made an uncomplicated recovery and was dis-
charged on postoperative day 3. A CTA at 6 months demonstrated
aneurysm exclusion, antegrade perfusion of all target vessels, and
an enlarging 50-mm-diameter right common iliac artery aneu-
rysm. This was treated successfully by an endovascular approach. A
CTA at 36 months demonstrated aneurysm exclusion and ante-
grade perfusion of all target vessels.
Patient 2. A 79-year-old man had undergone endovascular
repair of an acute symptomatic 50-mm-diameter AAA with a
bifurcated Talent EVSG (Medtronic AVE, Santa Rosa, Calif) some
84 months previously. The patient re-presented with an enlarging
72-mm-diameter asymptomatic AAA. Comorbidity consisted of
hypertension, congestive cardiac failure, previous coronary artery
bypass grafting (CABG), and renal impairment (serum creatinine,
180 g/L). The patient was assessed as ASA grade IV. CTAdemonstrated type I proximal endoleak due to proximal graft
migration, which was confirmed by digital subtraction angiogram
(Fig 1). A short and wide infrarenal neck precluded repair with an
infrarenal device.
A one-piece EVSG with scallop to accommodate the superior
mesenteric artery and two fenestrations to accommodate the renal
arteries was introduced percutaneously via the right CFA (Fig 2).
The graft was deployed, and the interface between the graft
fenestrations and the renal artery orifices was secured with 7-mm-
diameter Genesis stents (Cordis Corporation, Miami Lakes, Fla).
Completion angiography demonstrated no endoleak and ante-
grade perfusion of all target vessels (Fig 3).
The patient made an uncomplicated recovery and was dis-
charged home on postoperative day 3. A CTA at 6 months and
duplex ultrasound imaging at 18 months demonstrated aneurysm
exclusion with no endoleak and antegrade perfusion of all target
vessels.
Case 3. A 76-year-old man had undergone endovascular
repair of a 65-mm-diameter AAA with a bifurcated Zenith EVSG
some 63 months previously. The patient re-presented with an
enlarging 73-mm-diameter asymptomatic AAA. Comorbidity con-
sisted of ischemic heart disease, hypertension, previous CABG, and
surgical repair of bilateral popliteal aneurysms. The patient was
assessed as ASA grade III. A CTA demonstrated type I proximal
endoleak due to enlargement of the infrarenal neck, which was also
Fig 1. Intraoperative digital subtraction angiogram in patient 2
demonstrating proximal migration of a Talent endovascular stent
graft.considered too short for repair with an infrarenal device.
endoleak and antegrade perfusion of all target vessels.
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axis and three fenestrations to accommodate the superior mesen-
teric artery and both renal arteries was introduced through the
right CFA, which was surgically exposed. The graft was deployed,
and the interface between the graft fenestrations and the renal
artery orifices was secured with 7-mm-diameter Genesis stents.
Completion angiography demonstrated no endoleak and ante-
grade perfusion of all target vessels. The patient made an uncom-
plicated recovery and was discharged home on postoperative day 5.
A CTA at 12 months demonstrated aneurysm exclusion and ante-
grade perfusion of all target vessels.
DISCUSSION
The present study demonstrates the extended applica-
tion of fenestrated stent-graft technology to include the
management of type I proximal endoleak complicating
prior endovascular AAA repair. The endoleak was due to
device failure in one patient and degeneration of the prox-
imal aortic neck in the other two patients. The patients in
this study had hostile neck anatomy that was unsuitable for
repair with an infrarenal device, and their high physiologic
risk was considered a relative contraindication to surgical
intervention.
All endoleaks were successfully sealed with a fenestrated
aortic extension cuff, and graft oversizing and overlap were
sufficient to create an effective distal seal between the
EVSGs, without the need of additional techniques, such as
the use of balloon-expandable stents. There was no associ-
ated morbidity or mortality, the hospital stay was short, and
to date, aneurysm exclusion and branch vessel patency have
trated stent graft implanted in patient 2.Fig 3. Completion angiogram in patient 2 demonstrating noFig 2. Drawing shows the custom-designed one-piece fenesbeen excellent.
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relatively small luminal diameter of the prior EVSG, over-
sizing of the fenestrated EVSG to facilitate sealing within
the suprarenal aorta and the prior EVSG, and frictional
forces between the outer surface of the two EVSGs, all of
which combine to reduce graft maneuverability causing
difficulties with graft alignment and deployment. In the
present cases, this was overcome by ensuring that the graft
was aligned as optimally as possible before releasing the
diameter reducing ties. The recent introduction of devices
with double diameter-reducing restraining ties may im-
prove maneuverability in these difficult cases.
Two important technical issues to be considered when
planning to use a fenestrated aortic extension cuff to treat
type I proximal endoleak are (1) the length of the body of
the primary endovascular device and (2) the extent to
which the primary device may have migrated. Experience
dictates that a fenestrated device must have, at the very
least, three covered stents to allow manipulation and accu-
rate deployment; one or two of the proximal stents with
fenestrations, and at least one stent overlap within the prior
EVSG. Minimal migration of a primary device with a short
main body will necessitate implantation of the shortest
possible fenestrated aortic cuff, which may prove techni-
cally difficult. By contrast, considerable migration of the
original device will facilitate rather than hinder successful
implantation.
One potential drawback to the use of an aortic exten-
sion cuff, whether fenestrated or infrarenal, is that it does
not eliminate the potential for continued migration of the
original endovascular device. Two approaches to overcome
this issue include (1) using a long fenestrated device so that
there is considerable overlap with the body of the original
device or (2) completely relining the primary device with
new bifurcated or aortouniiliac EVSG. Interestingly, mi-
gration of a long-bodied stent graft may result in a morestable situation than migration of a short-bodied graft,
because the bifurcation of the long-bodied stent graft may
be relatively closer to the aortic bifurcation, such that
further migration of the graft cannot occur.
CONCLUSION
The present study describes the use of fenestrated
EVSGs as a salvage procedure in patients with type I
proximal endoleaks after previous endovascular AAA repair.
In the absence of other endovascular options, this technol-
ogy has the potential to replace open surgical intervention
in the management of this difficult clinical situation.
REFERENCES
1. Zarins CK, White RA, Fogarty TJ. Aneurysm rupture after endovascular
repair using the AneuRx stent graft. J Vasc Surg 2000;31:960-70.
2. Chuter TA, Faruqi RM, Sawhney R, Reilly LM, Kerlan RB, Canto CJ,
et al. Endoleak after endovascular repair of abdominal aortic aneurysm.
J Vasc Surg 2001;34:98-105.
3. Faries PL, Cadot H, Agarwal G, Kent KC, Hollier LH, Marin ML.
Management of endoleak after endovascular aneurysm repair: cuffs, coils,
and conversion. J Vasc Surg 2003;37:1155-61.
4. Faries PL, Won J, Morrissey NJ, Briggs VL, Cadot H, Carroccio A, et al.
Endovascular treatment of failed prior abdominal aortic aneurysm repair.
Ann Vasc Surg 2003;17:43-8.
5. Tzortzis E, Hinchliffe RJ, Hopkinson BR. Adjunctive procedures for the
treatment of proximal type I endoleak: the role of peri-aortic ligatures
and Palmaz stenting. J Endovasc Ther 2003;10:233-239.
6. Anderson JL, Berce M, Hartley DE. Endoluminal aortic grafting with
renal and superior mesenteric artery incorporation by graft fenestration.
J Endovasc Ther 2001;8:3-15.
7. Adam DJ, Berce M, Hartley DE, Anderson LJ. Repair of juxtarenal
para-anastomotic aortic aneurysms after previous open aneurysm repair
with fenestrated and branched endovascular stent-grafts. J Vasc Surg
2005;42:997-1001.
8. Anderson JL, AdamDJ, BerceM,Hartley DE. Repair of thoracoabdomi-
nal aortic aneurysms with fenestrated and branched endovascular stent-
grafts. J Vasc Surg 2005;42:600-9.Submitted Mar 3, 2006; accepted, Jul 31, 2006.
